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Supplementary Text section S1. Optimization of vegetation physiology-related parameters
In addition to the directly imposed vegetation canopy parameters (i.e., LAI), the vegetation physiology-related (e.g., photosynthesis, transpiration) parameters have also been optimized using carbon and water fluxes from six forest eddy-covariance sites in China (30) . The vegetation types of these sites are classified into five PFTs in ORCHIDEE: tropical evergreen broadleaf forest (TrBE, in Dinghushan) , temperate evergreen broadleaf forest (TeBE, in Ailaoshan), temperate evergreen needle-leaf forest (TeNE, in Qianyanzhou) , temperate deciduous broadleaf forest (TeBD, in Hunan Yueyang and Anhui Huaining), and boreal deciduous needle-leaf forest (BoND in Huzhong). In this study, we optimized the main vegetation physiological parameters (e.g., Vcmax, Jmax) by assimilating the gross primary production (GPP), together with the measured net ecosystem exchange (NEE) and latent heat flux (LE), using the ORCHIDEE Data Assimilation System (https://orchidas.lsce.ipsl.fr/) following previous studies. We found that parameter optimization substantially reduced model errors and improved the simulated seasonal cycle and summer diurnal cycle of NEE and LE, as well as the GPP and ecosystem respiration (30).
section S2. Model evaluation
The spatial patterns of annual precipitation, ET, and soil moisture and their seasonal distributions averaged over 1982-2011 from the SCE experiments were compared to those computed from the available observations or observation-based datasets (figs. S2, S3).
The spatial pattern of the contrast of hydrological variables between northern and southern China was well represented by the IPSLCM GCM, with the climatological precipitation, ET, and soil moisture higher in southern China, but lower in the northern part of the country. One exception was the soil moisture in the region of the Qinghai-Tibet Plateau.
Although the observation-driven GLEAM datasets (Materials and Methods) all indicated a smaller magnitude of soil moisture in the Qinghai-Tibet Plateau compared to the eastern regions of China ( fig. S2G , H), our model tended to simulate higher soil moisture over the Qinghai-Tibet Plateau. This suggests a need to interpret the results of simulated total soil moisture over western China. However, it is not currently possible to validate the simulated total soil moisture, as the GLEAM products only assimilate the satelliteobserved surface soil moisture into their simulated soil moisture. fig. S3 shows the consistency of the unimodal distribution of the intra-annual precipitation and ET between observations and simulations, which indicates that the model can reproduce the seasonal cycle of hydrological variables in China despite the slightly overestimated precipitation in June and August. For the soil moisture, the observation-driven GLEAM datasets and SCE simulations both show no large seasonal cycle.
The model capacity for reproducing the spatial pattern and temporal variation in atmospheric circulation was also verified by comparing SCE simulations with those from reanalysis datasets at seasonal (summer) and annual time scales (figs. S4, S5A). Although the position of the summer subtropical high over the western Pacific was slightly northward in the SCE simulations, the general spatial pattern of the circulation was consistent with that from the reanalysis datasets ( fig. S4D , E, F). Forced by the observed SST and SIC, our model was generally able to reproduce temporal variation in the EASM ( fig. S5A ).
An evaluation of the inter-annual changes in ET, precipitation, and soil moisture was conducted by comparing the results of the SCE simulation with those computed from observations or observation-based datasets over different climate regions (figs. S6, S7 Chinese vegetation map (52) and temporal information from the multi-year provincial forest inventory data (53) during the past 30 years using the following algorithm:
Step 1 Step 2. The temporal change in forest area from multi-year provincial forest inventory data (from the National Forest Resource Inventory Report) was used to determine the changes in forest cover fraction in the fundamental vegetation map. Because the plant species were reported at the provincial level in the National Forest Resource Inventory
Report at intervals of several years (i.e., the Eighth National Forest Resource Inventory
Report covers 2009-2013), we adopted a transformation strategy for each arbor species and assumed that a temporal change occurred in the last year of the period covered by each report (i.e., 2013 for the Eighth National Forest Resource Inventory Report). For example, one forest species in a province was first diagnosed by its phenological type and physiognomy (e.g., evergreen, needle-leaf in this case) and then classified into either temperate or boreal needle-leaf evergreen in ORCHIDEE. The algorithm first searched the fundamental Chinese vegetation map in 1981 to find out all grids for these two PFTs in a province. Then, the temporal change in the area of these forest species in this province relative to 1981 (i.e., the Second National Forest Resource Inventory Report) was evenly distributed into all the grid cells for these two PFTs. The increase in forest cover corresponded to a decrease in the area of bare soil, grass, and crops in proportion to their original area in each province. The transformation was performed for each provincial plant species for the final year of each National Forest Resource Inventory Report (i.e., 2nd Report, 1981; 3rd, 1988; 4th, 1993; 5th, 1998; 6th, 2003; and 8th, 2013) . Temporal changes in the vegetation cover fraction in other years were linearly interpolated between these years.
Based on the two steps described above, a Chinese vegetation map was constructed for the period of 1982-2011 that could generally represent the changes in the fractional cover of vegetation in China during the past 30 years (Fig. 1B) . Despite the overall increase in the forest cover fraction (Fig. 1B) , the decrease in forest cover in the northern part of the For each climate region, we applied the classic water balance equation, which typically ignores the ground water inflow (6)
where P, ET, Q, and  denote precipitation, evapotranspiration, total runoff (including surface runoff and drainage), and total soil moisture. At the annual time scale, the intraannual water balance among P, ET, and Q determines the change in  , which is assumed to be equal to the difference in soil moisture between the end and start of the year (i.e.,
Dec Jan
  ). Thus, for each year during 1982-2011 1982 1982 1982 ,1982 ,1982 Dec Jan 1983 1983 1983 ,1983 ,1983 - If we sum these equations and assume that  at the end of a year is approximately equal to  at the start of the next year, we obtain the following equation 2011 2011 2011 ,2011 ,1982 1982 1982 1982 - Thus, the trend in  is determined by the balance between the cumulative (30-year integration) hydrological fluxes. Therefore, any tendency in the hydrological fluxes resulting in an intra-annual water imbalance in a certain year could be accumulated and amplified by the trend in  .
Because we simulated increased precipitation and ET caused by the expansion of vegetation cover, the trend of soil moisture was still negative at the country scale (Fig.   3A) . The country-scale hydrological response was the average of those at the regional scale. If the precipitation increase was larger than the enhanced ET everywhere in the country, our model would not simulate a negative trend in country-scale soil moisture. In contrast, increased precipitation in one location (A) would not increase the soil moisture due to its saturated status, whereas the decrease in precipitation in another location (B) tended to significantly reduce the soil moisture due to the accumulation effect described above. When averaged across regions, the country-scale increase and decrease in precipitation in each location could offset each other. However, the decreased soil moisture in B could not be cancelled out by the unchanged soil moisture in A. Therefore, our simulated decrease in soil moisture at the country scale indicates the existence of a water imbalance at the regional scale rather than uniform hydrological responses to changes in vegetation cover. 
